We describe a protocol for the generation and validation of bacteria microarrays and their application to the study of specific features of the pathogen's surface and interactions with host receptors. Bacteria were directly printed on nitrocellulose-coated glass slides, using either manual or robotic arrayers, and printing quality, immobilization efficiency and stability of the arrays were rigorously controlled by incorporating a fluorescent dye into the bacteria. A panel of wild type and mutant strains of the human pathogen Klebsiella pneumoniae, responsible for nosocomial and community-acquired infections, was selected as model bacteria, and SYTO-13 was used as dye. Fluorescence signals of the printed bacteria were found to exhibit a linear concentration-dependence in the range of 1 Â 10 8 to 1 Â 10 9 bacteria per ml. Similar results were obtained with Pseudomonas aeruginosa and Acinetobacter baumannii, two other human pathogens. Successful validation of the quality and applicability of the established microarrays was accomplished by testing the capacity of the bacteria array to detect recognition by anti-Klebsiella antibodies and by the complement subcomponent C1q, which binds K. pneumoniae in an antibodyindependent manner. The biotin/AlexaFluor-647-streptavidin system was used for monitoring binding, yielding strain-and dose-dependent signals, distinctive for each protein. Furthermore, the potential of the bacteria microarray for investigating specific features, e.g. glycosylation patterns, of the cell surface was confirmed by examining the binding behaviour of a panel of plant lectins with diverse carbohydratebinding specificities. This and other possible applications of the newly developed arrays, as e.g.
Introduction
Searching for "microarray" in the NCBI search engine (http:// www.ncbi.nlm.nih.gov/pubmed/) returns over 62 000 references (September 2014), showing the relevance of this tool in biology and biomedicine. The concept of microarray technology was rst put forward by Ekins 1 over 20 years ago. It was proposed that a miniature spot of a puried antibody or protein can enhance detection sensitivity. DNA microarrays were the rst application of this concept and have been tremendously successful in gene expression proling and related applications. [2] [3] [4] [5] [6] Next, numerous formats of protein microarrays were developed for high-throughput studies of protein expression and functionalities, the four major types being proteome microarrays, 7,8 antibody microarrays, 9, 10 reverse-phase protein arrays, 11, 12 and lectin microarrays. 13, 14 In the past decade, and as natural extension of the successful development and application of DNA and protein arrays, glycan microarrays revolutionized the analysis of biological systems that operate through carbohydrate recognition, publications on their design, optimization and applicability having grown exponentially. [15] [16] [17] [18] [19] Thus, carbohydrate microarrays have been successfully used for detection and quantitation of disease-associated anticarbohydrate antibodies and analysis of their binding speci-city, [20] [21] [22] and for identication of oligosaccharide signals recognized by endogenous lectins, as C-type lectins, [23] [24] [25] siglecs [26] [27] [28] and galectins, or by pathogens' glycan-binding proteins that mediate docking into host cells. [29] [30] [31] Bacterial surfaces are coated with distinct signature molecules, most prominently capsular polysaccharides and lipopolysaccharides (LPS), that are targeted by host receptors, including endogenous lectins, for triggering defense responses or as mechanism exploited by the pathogen for attachment. [32] [33] [34] Recently, bacterial polysaccharide microarrays have been employed to examine the ability of three members of the galectin family for targeting the presented determinants. 35 Inevitably, the potential of these and analogous microarray setups for detecting pathogen recognition by host receptors is limited by the library of probes included in the array, oen constrained by the laborious protocols required for their puri-cation. In addition, the particular presentation of the probes in the array may substantially differ from their natural arrangement on the pathogen's surface, this factor potentially having a signicant impact on recognition. Thus, the real accessibility on the bacterial surface of the recognized determinant is not taken into account and any operative synergetic contribution of other molecules to the recognition cannot be evaluated. To overcome these limitations, we have developed a novel application of the microarray technology based on the generation and validation of bacteria microarrays. Klebsiella pneumoniae, an important human pathogen, 36 has been selected as model bacteria.
As proof of principle, the binding of anti-Klebsiella antibodies to microarrays containing wild type K. pneumoniae and a panel of mutant strains lacking different surface epitopes has been tested. In addition, based on the reported binding of C1q to K. pneumoniae, 37 the behaviour of this complement subcomponent in the Klebsiella microarray set-up has been examined. The results conrm the usefulness of bacteria microarrays for investigating pathogen-host counter-receptor interactions. Furthermore, the strain-specic selective binding of plant lectins to the arrays illustrates the potential of the newly developed microarrays for typifying bacterial surface features.
Methods

Bacterial strains
Bacterial strains used in this study are listed in Table 1 . Strains were grown in lysogeny broth (LB) at 37 C on an orbital shaker (180 rpm). When appropriate, antibiotics (Sigma) were added to the growth medium at the following concentrations: rifampicin (Rif) 25 mg ml À1 , kanamycin (Km) 100 mg ml À1 , and chloramphenicol (Cm) 12.5 mg ml À1 . Bacteria were xed as previously described, 38 suspended in 500 ml of 10 mM Tris-HCl at pH 7.8, containing 0.15 M NaCl (TBS), and labelled by incubation with 5 ml of 5 mM SYTO-13 solution (Invitrogen), for 5 min in the dark. Aer thorough washing with TBS, the concentration of bacteria was adjusted to optical density 1 at 600 nm, equivalent to approximately 1 Â 10 9 bacteria per ml. Labelling efficiency was assessed by measuring the uorescence intensity of the different bacteria strains, using a Horiba Jobin Yvon Fluoromax-4 spectrouorometer.
Protein targets
Two different rabbit polyclonal anti-K. pneumoniae antibodies, hereaer referred to as anti-Kp1 and anti-Kp2, were used without labelling as described in section 2.4. Anti-Kp1 (Abcam, ab20947) was obtained by immunization with an extracellular toxic complex produced by the bacteria and composed of 63% capsular polysaccharide, 30% lipopolysaccharide, and 7% protein. Anti-Kp2, kindly provided by Dr S. Albertí (Instituto Universitario de Investigaciones en Ciencias de la Salud, Universidad de las Islas Baleares, Palma, Mallorca, Spain), was raised against the whole bacterium using the wild type strain Kp52145.
The complement component C1q from human serum (Sigma-Aldrich) was biotinylated by incubation at 4 C overnight with biotinamidocaproate ester derivative (GE) in 10 mM HEPES pH 7.2, containing 0.3 M NaCl.
Commercial biotinylated lectins used were Aleuria aurantia lectin (AAL), Arachis hypogaea (peanut) agglutinin (PNA), Concanavalin A (ConA), Glycine max (soybean) agglutinin (SBA), Hippeastrum hybrid lectin (HHL), Pisum sativum agglutinin (PSA), Ricinus communis agglutinin (RCA), Sambucus nigra lectin (SNL) and Wisteria oribunda lectin (WFL) from VECTOR labs, and Lycopersicon esculentum agglutinin (LEA) from Sigma.
Preparation of bacteria microarrays
Manual arrays were prepared by printing bacteria on single-pad nitrocellulose-coated glass slides (FAST-slides, Whatman) using a manual glass-slide arraying system (V&P Scientic). Each probe was printed in a four-level dose-response format by applying approximately 8 nl per spot of SYTO-13-labelled bacteria suspensions typically ranging from 1 Â 10 8 to 1 Â 10 9 bacteria per ml in PBS (5 mM sodium phosphate, pH 7.2, 0.2 M NaCl). Spots were printed as quadruplicates. For preparation of robotic arrays, bacteria were printed on 16-pad nitrocellulosecoated glass slides (FAST-slides, Maine manufacturing) using a non-contact arrayer (Sprint, Arrayjet Ltd.). Each probe was also printed in a four-level dose-response format at the indicated concentrations by applying 100 pl per spot of bacteria suspensions in PBS diluted with two volumes of 70.5% glycerol, 0.09% Triton X100 (nal concentration 47% and 0.06% respectively). Spots were printed as triplicates. Manual and robotic arrays were scanned for SYTO-13 signals with a GenePix 200-AL scanner (Axon, Molecular Devices), using an excitation wavelength of 488 nm (blue laser) and blue emission detection. Fluorescence signals were quantied with the GenePix Pro 6.0 soware (Molecular Devices).
Control (glyco)proteins (the highly glycosylated fetuin/ asialofetuin as positive control and non-glycosylated ribonuclease A as negative control, all of them from Sigma) were similarly printed at concentrations ranging from 0.03 to 1 mg ml À1 . 1 ml ml À1 of Cy3 uorophore (GE Healthcare) was added to the protein solutions to enable post-array monitoring of the spots, 27 by scanning uorescence signals upon excitation at 532 nm (green laser).
interest. Antibodies were tested at a working dilution of 1 : 2000 in PBS containing 0.1% (v/v) Tween-20. Aer incubation for 1 h at 20 C, microarrays were washed 4 times with PBS and overlaid for 1 h at 20 C with the respective biotin-labelled secondary antibody (Sigma, working dilution 1 : 2000). Slides were washed again and binding was monitored by incubating with AlexaFluor-647 (AF647)-labelled streptavidin (Invitrogen) at 1 mg ml À1 in overlay buffer, for 35 min at 20 C. Finally, the slides were rst washed thoroughly with PBS and then with water.
Biotin-labelled lectins were tested at 20 mg ml À1 in either PBS containing 0.1% (v/v) Tween-20 (for RCA, AAL, SBA, LEA, SNL, HHL and WFL), 10 mM Tris-HCl at pH 7.8, 0.15 M NaCl (TBS) containing 1 mM CaCl 2 and 0.5 mM MnCl 2 (for ConA and PSA), or TBS containing 10 mM CaCl 2 and 1 mM MgCl 2 (for PNA). Aer incubation for 2 h at 20 C, slides were washed 4 times with PBS and incubated with AF647-streptavidin, as described above.
C1q binding assays were carried out in a similar way by incubating the microarrays with 30 mg ml À1 biotin-labelled C1q in PBS containing 0.1% (v/v) Tween-20.
Following the binding assay, arrays were scanned for both AF647 (excitation at 635 nm, red laser) and SYTO-13 uorescence signals. A signicant reduction of the SYTO-13 signal of printed bacteria was observed when exposed to light during the overlay protocol. Therefore, all above-described incubation steps were strictly carried out in the dark.
Results and discussion
Preparation and validation of bacteria arrays
Bacteria microarrays were prepared by printing bacteria on nitrocellulose-coated glass slides. In order to spot any potential printing defects or reproducibility problems, a uorescent dye was incorporated into the bacteria, also enabling evaluation of the immobilization efficiency and retention of the bacteria in the array. SYTO-13, which binds to DNA/RNA of Gram-negative and -positive bacteria and does not harm interactions taking place at the surface, was chosen to this aim. Moreover, its uorophore properties, with l max -excitation at 488/491 nm and l max -emission at 509/514 nm, facilitate detection with a conventional microarray scanner, and the signal is clearly distinguishable from those of AlexaFluor-647 (AF647) and Cy5 (l Ex -650 nm and l Em -668 nm), commonly used for read-out of protein binding. 24 Labeling efficiency was similar for all K. pneumoniae strains (10% Standard deviation). A. baumannii yielded lower uorescence intensity (80% compared to K. pneumoniae strains) and P. aeruginosa higher intensity (160% compared to K. pneumoniae). Serial dilutions (from 1 Â 10 7 to 1 Â 10 10 bacteria per ml) of uorescently labelled K. pneumoniae O1:K2 strain 52145, a clinically relevant serotype, and a panel of isogenic mutants lacking different surface epitopes of relevance to host-pathogen interactions, namely the capsule (CPS), LPS O-polysaccharide (OPS) and major outer membrane protein OmpA (see Fig. 1 and Table 1 for a description of the mutant strains), were initially printed on nitrocellulose-coated single-pad glass slides, using a manual glass-slide arraying system. Each spot was scanned for printing quality, accurate localization of bacteria spots and quantication of printed bacteria. Fluorescence signals were reliably detectable at concentrations of 1 Â 10 8 bacteria per ml, and the concentration-dependent increment was linear up to 1 Â 10 9 . Therefore, this range was selected for subsequent analyses. Similar immobilization and retention studies were carried out in parallel with two other SYTO-13labelled Gram-negative human pathogens, i.e. A. baumannii and P. aeruginosa (see Table 1 ), with comparable results. When stored at room temperature in a dry and dark place, SYTO-13 uorescence signals of printed bacteria remained stable for at least 1 year. Furthermore, newly prepared and stored bacteria microarrays gave comparable results in binding assays (data not shown). Thus, bacteria microarrays generated using the described protocol can be stored and supplied as ready-to-use chips.
As rst validation of the quality and applicability of the established microarrays, the extent of binding of two different anti-Klebsiella polyclonal antibodies, anti-Kp1 and anti-Kp2 (please, see Methods for description), was determined (Fig. 2) . SYTO-13 uorescence signals were intense and detectable aer the binding assay ( Fig. 2b) , with a decrease in intensity of less than 10% with respect to uorescence values measured before the assay, i.e. close to the error of the system. Furthermore, they did not interfere with monitoring of AF647, which yielded robust signals in strain-and dose-dependent manners ( Fig. 2c-f ). Of note, no binding to A. baumannii or P. aeruginosa was detected ( Fig. 2c and d) , supporting selectivity in the recognition of Klebsiella. Furthermore, the results conrmed the expected polyvalency of the antibodies against different Klebsiella antigenic determinants, as, with the single exception specied below, binding to the mutants bearing deletion of only one surface component was comparable or even stronger than to the wild type strain, the enhancement of binding plausibly resulting from increased exposure of recognized epitopes or from possible rearrangements in the bacterial surface upon mutation to compensate for the deletion. Excluding suppression of OmpA expression, all other combinations of double/ triple mutations clearly resulted in decreased binding for both antibodies. Still, differences between anti-Kp1 and anti-Kp2 were observed. In particular, while decapsulation affected the binding of anti-Kp2 to various degrees, it had no signicant impact on the binding of anti-Kp1, unless in combination with OPS deletion, likely reecting predominance of LPS OPStargeted antibodies in this polyclonal antibody. Indeed, as exception to the general rule mentioned above, anti-Kp1 showed almost negligible binding to the Dops single mutant. Overall, the developed K. pneumoniae microarrays proved to be effective for detecting binding of the two anti-Klebsiella antibodies tested and, what is more, served to unveil subtle speci-city differences between them, most likely deriving from the different immunization protocols used in each case (see Methods).
Binding to K. pneumoniae arrays of the host counterreceptor C1q
C1q, the rst subcomponent of the classical complement pathway, is capable of recognizing a number of structurally diverse ligands. It has been reported that Gram-negative bacteria are bound by C1q in an antibody-independent manner, with ensuing activation of the classical pathway. Lipopolysaccharides and outer-membrane proteins of the porin class are examples of molecules targeted by C1q. [45] [46] [47] Furthermore, some bacteria, such as Escherichia coli or P. aeruginosa, express a specic receptor for C1q aimed to protect them from complement-mediated damage. 48 Regarding K. pneumoniae, in vivo binding of C1q to porin OmpK36, present in most clinical isolates including the Kp52145 strain used in this work, has been reported, whereas binding to other components of the bacterial outer membrane, in particular the lipopolysaccharide lacking OPS could not be demonstrated. 37, 49, 50 In order to check whether bacteria microarrays are also suitable to detect recognition of Klebsiella by C1q, as relevant example of pathogenhost counter-receptor interaction, we tested the binding behaviour of biotinylated C1q in the Klebsiella microarray setup. As shown in Fig. 3 , binding to the whole panel of wildtype and mutant K. pneumoniae strains was observed, the Fig. 2 Binding of anti-Klebsiella antibodies to K. pneumoniae manual arrays. K. pneumoniae wild type (strain 52145) and mutant strains (marked in panels a-d with an asterisk; please see Table 1 and Fig. 1 for description) labelled with SYTO-13 were printed onto nitrocellulosecoated glass slides using a hand arrayer and single-pad nitrocellulosecoated glass slides and overlaid with a 1 : 2000 working dilution of anti-Kp1 (c,e) or anti-Kp2 (d,f) SYTO-13-labelled A. baumannii and P. aeruginosa (see Table 1 ) were also included in the array as negative controls. Bacteria were printed as quadruplicates at four different concentrations (from 1 Â 10 8 to 1 Â 10 9 bacteria per ml), and SYTO-13 fluorescence was measured before (a) and after (b) the binding assay. Binding was detected with AF647-labelled streptavidin (c and d), as described in the Methods section. Panels e and f plot the intensity of the fluorescence signals shown in panels c and d, respectively, vs. the concentration of bacteria printed in the array: wild type K. pneumoniae ( ), and mutants Dops ( ), Dcps ( ), DcpsDops ( ), DcpsDopsDwabM ( ), DopsDwabM ( ), DompA ( ), DompACom ( ), DcpsDompA ( ), DcpsDompACom ( ) and A. baumanii ( ). Fig. 3 Binding of hC1q to K. pneumoniae microarrays. Binding of biotin-labelled hC1q (20 mg ml À1 ) to bacteria printed as triplicates at four different concentrations (from 1 Â 10 8 to 1 Â 10 9 bacteria per ml) was assayed. The extent of hC1q binding was determined by subsequent incubation with AF647-labelled streptavidin, as described in the Methods section.
binding pattern also conrming the reported observation that strains possessing the LPS OPS bind less C1q 37 (please compare wt vs. Dops in Fig. 3 , and intermediate bacteria concentrations of Dcps vs. DcpsDops), possibly due to a smaller accessibility to the porin. In addition, the results unveiled a previously unnoticed increase in C1q binding to strains lacking the capsular polysaccharide, also attributable to a higher exposure of the porin in these strains, with the single exception of the DompACom mutant. On the other hand, in striking contrast to the behaviour exhibited by anti-Klebsiella antibodies, binding of C1q to P. aeruginosa and A. baumannii was detected. As mentioned above, the occurrence in P. aeruginosa of a C1qbinding protein has been described. However, to the best of our knowledge, C1q binding to A. baumannii had not been reported so far. Thus, the results of the C1q binding assays demonstrate that bacteria microarrays are a powerful tool for detecting pathogen-host counter-receptor interactions. To examine the usefulness of the newly developed microarrays for exploring other bacterial surface features, e.g. presence of carbohydrate epitopes, we next performed binding assays with a panel of plant lectins with known sugar-binding specicities.
Bacteria microarrays for exploring surface glycoepitopes
Pathogens' surfaces are coated with a variety of carbohydraterich structures, mainly CPS and LPS, which confer specic properties. For example, the virulence degree appears to correlate with the recognition, or lack of recognition, of specic glycoepitopes by endogenous lectins of the innate immune system. 32 In particular, the K. pneumoniae strain Kp52145 (serotype O1:K2) used in this study presents a galactosecontaining LPS OPS (Fig. 1) and a capsular polysaccharide built by a branched Glc/Man-based tetrasaccharide repeating unit. 51 While other Klebsiella strains containing mannose-rich O-antigens and/or a repetitive D-mannose-a-2,3-D-mannose or L-rhamnose-a-2,3-L-rhamnose sequence in the capsular polysaccharide are less virulent due to pathogen clearance triggered by pattern recognition molecules of the immune system, strains not exhibiting these glycoepitopes, such as strain Kp52145, are the most commonly found in isolates from infected individuals. By testing the binding to the K. pneumoniae arrays of a panel of 10 plant lectins of known binding specicity (see Methods), we examined the applicability of the bacteria microarray set-up for exploring the presence of carbohydrate structures on the bacterial surface. To facilitate a high-throughput screening, bacteria were printed on 16-pad nitrocellulose-coated slides using a robotic arrayer. Of note, 47% glycerol was included in the printing buffer to increase the density of bacteria suspensions, what enables accurate printing of bacteria by reducing the sedimentation velocity. In addition, the presence of 0.06% Triton X100 (see Methods) diminishes bacteria aggregation, thereby avoiding that the microarraying needles get blocked. Printing quality, immobilization and retention were controlled as described above, and the extent of binding of the biotinylated lectins to the bacteria arrays was then examined. A strain-dependent and lectin-specic binding was observed ( Table 2) . First, no signicant binding signals were detected for the GalNAc (WFL, SBA) and GlcNAc (LEA) specic lectins tested, although they clearly bound to control glycoproteins. Thus, no ligands with the appropriate structure or accessibility for detectable recognition are available to the tested lectins on the bacterial surface. In contrast, the Gal-specic lectins RCA and PNA showed binding in a strain-dependent manner ( Table 2) , as exemplarily illustrated for RCA in Fig. 4 . In detail, a strong preference for non-capsulated vs. capsulated OPS-containing strains was evident, pointing to the Gal-containing O-antigen as the primary recognized epitope. Interestingly, deletion of OmpA also resulted in increased binding, what could tentatively be explained by a reorganization of the bacterial surface upon deletion of this major outer membrane protein, with increased LPS expression. Second, intermediate signals were detected for fucose-specic AAL and sialic acid-binding SNL. The presence of fucose in the capsular polysaccharide of a clinical hepatic K. pneumoniae isolate had also been detected by AAL binding and conrmed by capillary high-performance liquid chromatography. 52 However, our results showed a signicant increase in AAL binding to the two DcpsDops mutants, indicating that other glycoepitopes, different from the CPS and OPS and presumably more accessible in these strains, are recognized by this lectin. Bacterial glycoconjugates such as glycoproteins or glycolipids of the outer membrane are potential candidates. A similar conclusion can be drawn for SNL, for which binding was moderately increased in mutants lacking the OPS or the membrane protein OmpA. The presence of sialic acid on the surface of capsulated and non-capsulated K. pneumoniae strain 591, also of serotype O1:K2, had been proposed based on the results of specic topo-optical reactions. 53 Still, SNL binding may not necessarily denote the presence of sialic acid, since cross-recognition of structurally similar pseudaminic acid moieties could be taking place. Such cross-reactivity has actually been reported for the sialic acid-specic lectin Limax avus agglutinin when binding to Campylobacter jejuni agellins. 54 Finally, disparate results were obtained for the Man/Glc-specic lectins ConA, PSA and HHL. While the latter two lectins gave negligible binding signals, ConA exhibited a straindependent behaviour, giving stronger binding to strains lacking the O chain or the OmpA protein. These divergences probably result from differences in the ne carbohydrate-binding specicity of these lectins, which in the case of ConA and PSA have been found to be translated into a different binding behaviour towards glycoconjugates, cells and tissues. [55] [56] [57] ConA has been reported to bind and agglutinate cells of the clinical hepatic K. pneumoniae NK-5 strain (K2 serotype) without affecting their growth. 58 Although the tetrasaccharide repeating unit of the capsular K2 polysaccharide is composed of Glc and Man residues, the results here reported clearly indicate that the CPS is not the epitope recognized by ConA, as there is no preference for capsulated over non-capsulated strains. Apparently, the particular conguration of glycosidic linkages between Glc and Man residues in the tetrasaccharide does not t the topological requirements of ConA's binding site. As discussed above for AAL and SNL, other glycoepitopes, different from the CPS and OPS, are recognized by ConA. In addition to possible bacterial glycoconjugates, the L-glycero-a-D-mannoheptoses present in the LPS inner core (see Fig. 1 ) appear as potential candidates. Indeed, binding of ConA to the sevencarbon monosaccharides L-glycero-a-D-manno-and D-glycero-a-D-manno-heptose has been demonstrated. 59 Interestingly, the inner core manno-heptoses are also the primary site of interaction of surfactant protein D (SP-D), an endogenous lectin of the innate immune system, in binding to rough LPSs of Gram-negative bacteria. 60 Furthermore, the presence of the O1-antigen in K. pneumoniae LPS has been shown to signicantly reduce the binding efficiency of SP-D compared to rough LPS, 61 fully in line with the behaviour exhibited by ConA.
Overall, the screening of lectin binding to the K. pneumoniae microarrays reveals the presence of different lectin ligands on the bacterial surface. In order to verify that the detected binding is carbohydrate-mediated, inhibition assays were carried out in parallel in the presence of specic haptens for the tested lectins (GlcNAc, GalNAc, Gal, Lac, Fuc, Man). As illustrated for RCA in Fig. 4 , the binding signals were in all cases reduced down to background levels, thereby proving that lectin binding takes place via carbohydrate recognition and conrming the value of the microarray approach for exploring the presence of glycoepitopes on the bacterial surface. Additionally, these inhibition assays illustrate the usefulness of bacteria microarrays for the screening/evaluation of inhibitors of pathogen-host counterreceptor interactions.
Conclusions
We have developed a readily adaptable microarray technology for high-throughput screening of pathogen binding biomolecules. The results reveal applicability and binding selectivity, illustrating the potential of this approach for investigating the diversity of interactions occurring between pathogens and host cells during infection. Of general importance, it is expected that the described technology can be applied to the screening of any Fig. 4 Binding of Ricinus communis agglutinin to K. pneumoniae robotic microarrays. K. pneumoniae wild type and mutant strains (see Table 1 and Fig. 1 ) labelled with SYTO-13 were printed onto 16-pad nitrocellulose-coated glass slides using a robotic arrayer. Bacteria were printed as triplicates at four different concentrations (from 1 Â 10 8 to 1 Â 10 9 bacteria per ml) and binding of biotin-labelled RCA (20 mg ml À1 ) was assayed in the absence (upper panel) and presence (lower panel) of 100 mM lactose. The extent of RCA binding was assessed by subsequent incubation with AF647-labelled streptavidin, as described in the Methods section. type of pathogen-binding biomolecule, beyond those tested here as model targets, i.e. antibodies, endogenous counterreceptors and lectins. The versatility of the microarray set-up facilitates the adjustment of assay conditions (e.g. amount of printed bacteria, thus surface density, and concentration of overlaying target) for detection of previously unnoticed binding activities. In addition, the natural presentation of surface molecules can be exploited for high-throughput screening/ evaluation of compounds to identify inhibitors of pathogenhost counter-receptor interactions, thereby helping in the development of new classes of anti-infective drugs. Other applications of the newly developed bacteria arrays include delineation of antigenic determinants recognized by antibacteria antibodies, and exploration of carbohydrate structures present at the bacterial surface, the latter accomplishable by testing the binding of a panel of lectins with well-dened carbohydrate-binding specicities. Characterization of the glycosylation patterns may be particularly relevant when comparing different strains and mutant libraries or characterizing clinical isolates, aiding to the establishment of functional correlations. Furthermore, the above listed microarray-derived information may facilitate the development and optimization of on-chip devices for specic detection of pathogenic bacteria in the clinical eld, as well as in the environmental or agri-food sectors. 62, 63 
